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© Compressor supercharger with evaporative cooler. 



© Apparatus and method for increasing the capac- 
ity of a gas compressor. The apparatus comprises a 
supercharger for compressing a gas flow and an 
evaporative cooler for cooling and ducting the super- 
charged gas flow to the gas compressor. The cooler 
comprises a section of pipe connecting the super- 



charger and the compressor. Mounted on the wall of 
the pipe are nozzles oriented upstream to atomize 
water into droplets of mean diameter ranging from 
about 4 to about 12 microns. The pipe is sized to 
provide a residence time of from about 0.1 to about 
0.5 seconds for the droplets in the gas flow. 




Fig. 1 
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TECHNICAL FIELD 

This invention pertains to a supercharger with 
an evaporative cooler for an air compressor. 

BACKGROUND 

Air compressors are commonly used to supply 
compressed air for air separation plants and other 
types of plants. Frequently the plant capacity is 
larger than that of the air compressor initially in- 
stalled. Often, at some time after the initial installa- 
tion, an increase in the plant production rate is 
desired necessitating increased air compressor ca- 
pacity. 

Methods used in the past to increase the air 
compressor capacity have been to replace the ex- 
isting compressor with a new larger compressor, to 
install a complementary compressor in parallel with 
the existing compressor, or to retrofit the existing 
compressor with internal parts having higher flow 
capacity. Plant air compressors are often multi- 
stage units with intercooling and aftercooling. Sizes 
range from 500 HP to 15,000 HP. 

Thus replacement of an existing compressor 
with a new compressor of higher capacity usually 
cannot be economically justified because of the 
high capital cost. Retrofit of an existing machine 
involves replacement of the major rotating assem- 
blies which are typically 25 to 30 % of the initial 
cost of the unit, and is also usually economically 
unattractive. The installation of a complementary 
compressor in parallel with an existing compressor 
has been most often practiced as the most eco- 
nomical and thus most attractive alternative. This 
invention provides a more attractive and advanta- 
geous alternative to the prior art methods men- 
tioned. 

Accordingly an object of this invention is to 
provide a method and apparatus for increasing the 
capacity of an existing compressor. 

Features of this invention are that the appara- 
tus involves little added mechanical complexity and 
lower capital cost than prior methods. 

Advantages of this invention are a savings in 
operating power in the compressor operation and 
some capability of adjusting the compressor capac- 
ity without a performance penalty. 

SUMMARY OF THE INVENTION 

Apparatus embodying the method of this inven- 
tion comprises a supercharger for receiving, com- 
pressing and discharging an airflow into an evap- 
orative cooler. The cooler comprises a section of 
pipe for conveying the airflow from the super- 
charger to a main air compressor. Mounted on the 
wall of the pipe are nozzles oriented to spray water 



upstream into the airflow for evaporation and cool- 
ing effect. The nozzles have internal passages siz- 
ed to atomize water into droplets preferably of 
mean diameter ranging from about 4 to about 12 

5 microns. The pipe is sized to provide a residence 
time preferably of from about 0.1 to about 0.5 
seconds for the droplets in the airflow. The nozzles 
are oriented to discharge upstream at an angle of 
not more than about 60° to the pipe wall. The 

10 system further comprises means for collecting the 
condensate from the intercoolers and aftercooler of 
the main compressor and returning the condensate 
to the nozzles for spraying into the airflow. 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow schematic of the apparatus 
involved in this invention. 

Fig. 2 is a longitudinal cross-section of the 
20 evaporative cooler following the supercharger. 

Fig. 3 is a section of the evaporative cooler of 
Fig. 2 taken along the line 3-3 in Fig. 2. 

DESCRIPTION OF THE PREFERRED EMBODI- 
25 MENT 

As shown in Fig. 1, atmospheric air is induced 
through a filter 10 by a supercharger 12 or blower 
which provides a stage of compression of small 

30 pressure ratio. Typically the air pressure is ele- 
vated in the supercharger by an increment of 5 to 
100 inches of water with a resulting rise in tem- 
perature of the airflow of 10 to 30 6 F. A super- 
charger or blower of appropriate capacity may be 

35 selected from many positive displacement and 
centrifugal models available from various manufac- 
turers. A centrifugal supercharger is preferred be- 
cause it provides some variable capacity capability. 
The supercharged air flows into an evaporative 

40 cooler 14 and then into a main air compressor 16 
which has several compression stages with inter- 
coolers 18 and an aftercooler 20. A bypass valve 
22 in a bypass line 24 can be opened to allow 
atmospheric air to flow directly into the evaporative 

45 cooler 14 when the supercharger 12 is not op- 
erated. Compressed air flows from the main com- 
pressor aftercooler 20 to the process equipment 
26. 

Condensate is separated from the compressed 
50 airflow in the intercoolers and aftercoolers and col- 
lected in a condensate collection tank 28. A con- 
densate pump 30 transfers the condensate via a 
line 31 through a flow control valve 32 to atomizing 
nozzles 34 in the evaporative cooler where the 
55 condensate is sprayed into the airflow. The spray- 
ing is accomplished with compressed air taken by 
a conduit 36 from the discharge of the main com- 
pressor aftercooler 20 through a filter 38 and 
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through a control valve 40. 

It is undesirable for unevaporated droplets of 
water to impinge upon the main compressor impel- 
ler because of erosion and vibratory fatigue prob- 
lems. Therefore, sensors 34 monitor the air tem- 
perature and humidity of the gas at the entrance of 
the main compressor. Their measurements are pro- 
cessed in an automated controller 36 which regu- 
lates the condensate flow control valve 32. The 
control system serves two purposes: to insure that 
liquid droplets are evaporated before they reach 
the main compressor; and to minimize the elec- 
trical power used by the compressor while de- 
livering the desired mass flow. Lower compressor 
inlet temperature produces higher mass flow and 
power draw. Thus the control system is able to 
control the mass flow and power draw over a small 
range. 

The evaporative cooler 14 preferably com- 
prises a section of pipe connecting the discharge 
of the supercharger with the main air compressor 
inlet. The atomizing nozzles 34 within the pipe are 
oriented to discharge upstream at an angle of not 
more than 60° to the pipe wall. As shown in Fig. 2 
and Fig. 3, the nozzles 34 are mounted on the wall 
at a preferred angle of about 45° to the wall. The 
nozzles are directed to spray upstream into the 
airflow 42 to induce turbulence and mixing which 
enhances evaporation of the spray. The nozzles 
have internal passages that are sized to atomize 
the supplied liquid with compressed air into 
droplets. The evaporative cooling of an airflow in a 
pipe with spray nozzles is a complex process. The 
evaporation rate varies appreciably with the water 
droplet size, the temperature and relative humidity 
of the airflow entering the cooler, and the physical 
arrangement of the nozzles and the pipe. The 
evaporation rate also varies slightly with the airflow 
velocity in the pipe. Thus the combination of 
droplet size range and droplet residence time in 
the evaporating pipe is important in obtaining sat- 
isfactory performance of the evaporative cooler. 

With droplet sizes in the range of about 5 to 
about 20 microns, atomizing spray nozzles that use 
compressed air to atomize supplied liquid are us- 
able. With droplet size below 5 microns, ultrasonic 
nozzles are necessary. To process sufficient liquid 
for this application, the number of such nozzles 
would be prohibitively large and costly. With 
droplet size above 20 microns, basic spray nozzles 
are usable. However, the evaporation time for these 
droplets is so long that the length and diameter of 
the evaporating pipe is prohibitively large and cost- 
ly- 
It has been discovered that droplet sizes in the 
range of about 4 to about 20 microns coupled with 
a residence time of from about 0.05 to about 1.0 
seconds in the gas flow in the evaporator provide 



an operable situation. Droplets in the range of 
about 8 to about 12 microns in combination with a 
residence time from about 0.2 to about 0.4 sec- 
onds are preferred. 

5 It has also been discovered that it is desirable 

to limit the air velocity in the cooler to less than 
100 feet per second to avoid excessive pressure 
drop. Preferably the air velocity is in the range of 
from about 15 to about 50 feet per second. 

w While fresh water can be used in the evapora- 

tive cooler, the recycling of condensate is pre- 
ferred. The condensate is clean and devoid of 
dissolved minerals. Thus treatment costs for fresh 
water and descaling operations in the cooler are 

w avoided. 

Other types of coolers to cool the air emerging 
the supercharger are usable, but are less desirable. 
Passing the supercharged air through a bed of 
packing wetted by water requires greater volume, 

20 mechanical complexity and initial investment than 
the cooler provided by this invention. Passing the 
supercharged air over coils or tubes cooled by a 
cooling medium also requires greater volume, com- 
plexity and initial investment. In addition, the vibra- 

25 tion produced by the compressor can cause fatigue 
and breakdown of the packing, or any extended 
surface on the coils or tubes. The resulting par- 
ticles can be carried into and cause damage to the 
compressor. 

30 With the supercharger in service and the main 

air compressor delivering the same outlet pressure 
as before the installation of the supercharger, the 
main compressor operates at a lower pressure ratio 
and thereby inherently delivers a higher airflow 

35 rate. Also, with the supercharger and cooler in 
service, the main compressor intakes denser air- 
flow. Thus the main compressor compresses a 
greater mass flow which provides a further capacity 
increase. Inherently, a slightly higher efficiency and 

40 reduced power requirement for compression per 
unit mass of airflow occurs. 

The disclosed system allows from 60 to 100% 
adjustment in operating capacity. This compares 
favorably with the adjustment in flow capacity of up 

45 to 20% usually provided by a standard centrifugal 
compressor by adjustment of its inlet guide vanes. 

The disclosed system also offers a modest but 
significant adjustment in capacity by operating the 
main compressor without operating the supercharg- 

50 er. The cooler can provide some decrease in the 
temperature of the airflow induced by the main 
compressor and thus a slight improvement in ca- 
pacity. The temperature decrease which is avail- 
able with or without the supercharger in operation 

55 is dependent on the relative humidity of the at- 
mospheric air. This affects the amount of water 
which can be added by evaporation into the airflow. 
While the invention has been illustratively de- 
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scribed with respect to the compression of air and 
the evaporation of water for cooling, it is applicable 
to other gases and evaporatable liquids as well. 

COMPARATIVE EXAMPLE 

An installed four-stage, intercooled, centrifugal, 
main compressor while drawing 3100 kw has a 
maximum capacity of compressing 1,250,000 cfh 
of air at 45% relative humidity and 70° F from 14.7 
psia to 85 psia. Under these conditions, the unit 
power of the compressor is 2.43 kw/1000 cfh of air 
compressed. An increase in compressed air supply 
capacity of 20% to 1,520,000 cfh is desired. 

Pursuant to this invention, a supercharger is 
installed having an adiabatic efficiency of 79% 
which compresses air from the aforementioned in- 
take conditions to 16.7 psia and 125 6 F. Following 
the supercharger is an evaporative cooler which 
evaporates water into the supercharged air to a 
relative humidity of 75% and a temperature of 
85 °F, thus producing a net density increase of 
14%. The main air compressor continues to op- 
erate to deliver air at 85 psia, and because of the 
supercharging operates at 13% lower pressure ra- 
tio, at which it inherently delivers 6% greater flow. 
Thus the air density increase of 14% and the 
increase in compressor flow of 6% combine to 
yield the desired compressed air flow increase of 
20%. With the addition of the supercharger and the 
evaporative cooler, an efficiency improvement of 
0.5% is obtained, which reduces the unit power to 
2.468 kw/1000 cfh of air. Thus the power increase 
for the 20% added compressed air flow is 650 kw. 

The compression system advantageously has 
some capability for operation at reduced flow ca- 
pacity. This is achieved by adjusting the amount of 
evaporative cooling performed, or by ceasing op- 
eration of the supercharger. 

The installed evaporative cooler comprises a 
section of pipe 40 inches in inside diameter, 15 
feet long connecting the supercharger with the 
main compressor. Mounted on the pipe wall are ten 
nozzles oriented to discharge upstream at an angle 
of 45° to the pipe wall. The nozzles atomize water 
into droplets having a mean size of 10 microns. 
The nozzles spray 9.8 gallons per hour of water at 
60 psig using 4.42 scfm of air at 55 psig The 
section of pipe provides the droplets a residence 
time of 0.33 seconds in the airflow in the pipe. 

A condensate tank collects the condensate 
from the main compressor intercoolers and after- 
cooler and a pump transfers the condensate to the 
nozzles. Considering the reduced operating power 
requirement, the capacity adjustability and the re- 
quired capital cost this method and apparatus are 
superior to alternatives to be described. 

One alternative is to retrofit the existing com- 



pressor with new pinions and impellers of higher 
flow capability. However, the retrofitted compressor 
efficiency is unchanged and the unit power require- 
ment is unchanged. Thus the added power con- 

5 sumption is 670 kw. The retrofitted compressor 
while operating at the specified delivery pressure 
has little capability for reduced flow capacity. It 
also has somewhat higher power consumption and 
higher capital cost compared to the installation 

10 made according to the invention. 

Another alternative is to install in parallel with 
the existing main air compressor a complementary 
air compressor to deliver the desired increase in 
airflow. A complementary air compressor because 

75 of its smaller size would have lower efficiency than 
the main air compressor. Thus the increase in 
power required to deliver the added airflow would 
be 700 kw. While this alternative has the capability 
of operation at reduced capacity by ceasing opera- 

20 tion of the complementary compressor, it has 
somewhat higher electrical power consumption and 
higher capital cost compared to the system pro- 
vided by this invention. 

Although the invention has been described with 

25 reference to specific embodiments as examples, it 
will be appreciated that it is intended to cover all 
modifications and equivalents within the scope of 
the appended claims. 

30 Claims 

1. A system for increasing the capacity of a gas 
compressor comprising: 

(a) a supercharger for receiving, compress- 
35 ing and discharging a gas flow; and 

(b) an evaporative cooler comprising a sec- 
tion of pipe connecting said supercharger 
with the compressor, said pipe having a 
nozzle for spraying and evaporating a liquid 

40 into the gas flow for cooling of the gas flow. 

2. The system as in claim 1 wherein said gas 
compressor has intercoolers and aftercoolers 
and said system further comprises means for 

45 collecting condensate from the intercoolers 

and aftercoolers and returning the condensate 
for spraying into the gas flow. 

3. The system as in claim 2 wherein the gas is 
50 air and liquid for cooling of the air flow is 

water. 

4. The system as in claim 1 wherein said pipe 
has a nozzle with internal passages sized to 

55 atomize a liquid into droplets of mean diameter 

from about 4 to about 20 microns and said 
pipe has a diameter and length to provide a 
residence time of from about 0.05 to about 1 .0 
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seconds for the droplets in the gas flow. 

5. The system as in claim 1 wherein said pipe 
has a nozzle with internal passages sized to 
atomize a liquid into droplets of mean diameter 5 
from about 8 to about 12 microns and said 
pipe has a diameter and length to provide a 
residence time of from about 0.2 to about 0.4 
seconds for the droplets in the gas flow. 

10 

6. The system as in claim 1 wherein the gas has 
a flow velocity of not more than about 1 00 feet 
per second in said evaporative cooler. 

7. The system as in claim 1 wherein the gas has w 
a flow velocity of from about 15 to about 50 

feet per second in said evaporative cooler. 

8. The system as in claim 1 wherein said nozzle 

is oriented to discharge upstream at an angle 20 
of not more than about 60° to the pipe wall. 

9. The system as in claim 1 wherein said nozzle 
is oriented to discharge upstream at an angle 

of about 45° to the pipe wall. 25 

10. The system as in claim 1 wherein the com- 
pressor has intercoolers and an aftercooler, 
and said system further comprises means for 
collecting the condensate from the intercoolers 30 
and aftercooler and returning the condensate 

to said nozzle for spraying into the gas. 

11. An improved method for increasing the gas 

flow capacity of a gas compressor, said meth- 35 
od comprising: 

(a) supercharging the gas flow; 

(b) providing a liquid capable of evaporation 
into and cooling the gas flow; 

(b) atomizing the liquid into droplets having 40 
a mean diameter of from about 4 to about 

12 microns; 

(c) directing the droplets upstream into the 
gas flow at an angle of not more than 60° 

to the gas flow direction; and 45 

(d) providing a residence time of from about 
0.1 to about 0.5 seconds for the droplets in 
the gas flow before entering the compres- 
sor. 

50 

12. The method as in claim 11 further comprising: 

(e) collecting condensate from the gas com- 
pressor intercoolers and aftercoolers; and 

(j) returning the condensate for atomization 

into the supercharged gas flow. 55 

13. The method as in claim 12 wherein the gas is 
air and the liquid is water. 
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